SUMMARY The efficacy and toxicity of ganciclovir given by intravenous or intravenous plus intravitreal injection were studied in nine patients with cytomegalovirus (CMV) retinitis; seven with AIDS and two with drug induced immunodeficiency. Five patients had retinitis with macular involvement in six sighted eyes; six patients had only peripheral retinitis in seven eyes. In two patients (two eyes) with macular involvement intravenous plus intravitreal injection of ganciclovir preserved sight; intravenous infusion alone did not in four eyes of three other patients. In seven eyes (six patients) with peripheral retinitis vision was retained regardless of the route of ganciclovir treatment. Following intravenous ganciclovir drug levels in the vitreous fluid were 1A4-2-2 mmol/l, that is, 44 and 65% of the concomitant serum concentration. Clinically and at necropsy three eyes showed no evidence of toxicity from intravitreal injection of ganciclovir. All of five patients with AIDS who received intravenous ganciclovir for more than one week developed leucopenia. CMV retinitis of the macula may be benefited with minimal drug toxicity by intravitreal injection of ganciclovir. Treatment of peripheral CMV retinitis in patients with AIDS may be optional.
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Necrotising retinitis caused by cytomegalovirus (CMV) is one of the serious manifestations of immune deficiency states.'2 It has the potential for producing blindness and seriously depreciating the quality of life. In patients immunosuppressed by medication CMV retinitis can be controlled by withdrawal of the immunosuppressive drugs. In patients with the acquired immune deficiency syndrome (AIDS) the irreversibility of the immune suppression makes progression of CMV retinitis the expected course. The increasing prevalence of AIDS and of chemotherapy causing immunosuppression has increased the occurrence of CMV retinitis and emphasised the need for effective treatment.34
The most effective antiviral drug for the treatment of CMV infections is 9-(1,3 dihydroxy 2-offers the potential for stabilising and reversing CMV retinitis; however, it does not cure the disease. The requirement for long-term intravenous therapy often produces haematopoietic suppression. Treatment to prevent blindness has shown some benefit by funduscopy and visual acuity as measures of the effect. In the absence of controlled comparative data a continuing critical appraisal of experience with ganciclovir treatment is necessary to judge its benefit, pharmacological requirements, toxicity, and the therapeutic options.
Material and methods
The diagnosis of CMV retinitis was based on the characteristic findings on funduscopic examination, absence of another explanation of the retinitis, and cultures for CMV. Cultures of peripheral blood leucocytes, throat secretions, and urine were made before treatment, and at approximately monthly George L Daikos, Jose Pdlido, Shlaslhi B Kathpalia, and George Gee Jackson intervals when prolonged treatment was given. The investigational protocol was approved by the Institutional Review Board for research involving humans,.and informed consent was obtained from the patients. Patients were admitted to hospital for two weeks' initial treatment. Ganciclovir 2-5 mg/kg was given intravenously every 8 hours (except that one patient received 5 mg/kg). If the dose was tolerated without haemosuppression, a single daily dose was continued for 14-20 days. If the leucocyte count decreased below 1 x 109/l or by more than 50% of the initial count, further doses were deferred until reversal of the condition, and then ganciclovir was started again. After the initial course the treatment was continued, usually at home, with doses of 2-5 mg/kg daily on five days of the week.
Ophthalmic examinations were performed by the same ophthalmologist (JP) at least twice weekly before and during the initial treatment and frequently thereafter. The visual acuity was graded by the Snellen test and by standard terms for gross impairment: ability to count fingers, discern hand motion, and perceive light. Photographs of the retina were taken before and during treatment to record perceived changes. The response to therapy was rated as improvement, stabilization, or progression.
In three patients blood samples were drawn at frequent intervals following infusion of 5 mg/kg or 2-5 mg/kg for measurements of the plasma drug level. Instillation of intravitreal ganciclovir was done in the outpatient operating room by transcleral injection under direct visualization. After removal of 0 1-0-2 ml of vitreous fluid, 200-400 sg of ganciclovir in 0-1 ml sterile water was injected. The procedure was performed two hours after the completion of the intravenous infusion of a dose of ganciclovir, and a simultaneous sample of serum was obtained.
Results
Of nine patients with necrotising CMV retinitis seven had AIDS and two were immunosuppressed for maintenance of a renal homograft. All of them had bilateral CMV retinitis. CMV was isolated from at least one clinical specimen from all but two patients. For the evaluation of treatment the patients were categorized according to macular involvement or only peripheral retinitis. The data are presented in Table 1 .
MACULAR RETINITIS
Of five patients with necrotising retinitis involving the macula three were treated with intravenous ganciclovir and became totally or nearly totally blind during or shortly after treatment. One patient received the drug for only two days and withdrew because of fear of drug toxicity. lie became totally blind within a few weeks. Another patient progressed to total blindness during the first week of treatment, which was then discontinued. A third patient had small areas of retinitis involving the macula bilaterally. Initially the visual acuity was good, 20/20, but on a regular schedule of treatment with intravenous ganciclovir (2-5 mg/kg five times a week) over a period of 43 days until death vision deteriorated progressively to 20/70 (OS) and to perceiving hand motion (OD).
In two eyes of two patients with macular retinitis ganciclovir was given by intraocular intraocular injection and continuing intravenous doses, the inoculated eye of one patient had a slightly higher concentration of drug than the opposite eye. In one patient CMV viraemia in the leucocyte buffy coat persisted, though peak ganciclovir serum levels of 19-4 uM/ml were attained. In all other patients viral cultures for CMV were rarely positive during the period when ganciclovir was given.
Of seven patients with AIDS and an initial leucocyte count of >1 x 109/l five received ganciclovir for more than one week and all of them developed leucopenia. In four the granulocyte count decreased to less than 1 x 109/l and in the other decreased more than 50%. All seven patients with AIDS died. One patient had reactivated Pneumocystis carinii pneumonia and also CMV pneumonia, another had CMV pneumonia with probable disseminated CMV; two other patients had overtly disseminated CMV infection.
CMV retinitis was confirmed in six eyes enucleated from three patients at necropsy, including three injected with ganciclovir. Virus was recovered from the retina of one eye. In none of the patients could another infection of the retina be identified histologically or by cultures for viruses and bacteria. The three eyes that were injected with ganciclovir showed no gross or microscopic evidence of drug toxicity.
Discussion
With a disease as potentially devastating but as variable as necrotising CMV retinitis, and a drug with the potential efficacy and toxicity of ganciclovir, controlled trials would be important but possibly unethical. The experience presented here, as in other reports, is limited and without controls on which to base firm conclusions. In the absence of such investigation it is important to develop criteria for selection of patients and expectations from treatment with ganciclovir. A fundamental question is whether all patients with necrotising CMV retinitis will benefit from ganciclovir treatment. In patients with AIDS, When the retinitis does not impair visual acuity, the avoidance of drug toxicity may be preferable to the expected gain when long-term intravenous ganciclovir is required. The levels of ganciclovir in vitreous fluid following intravenous administration of the recommended dose (2.5 mg/kg) may reach 50% of the concomitant serum concentration, but are probably inadequate for effective antiviral action against more than a third of the strains of CMV.5 Direct intravitreous injection of ganciclovir appears to be non-toxic and can produce inhibitory levels of drug at the site of infection for many hours."-'4 When given in conjunction with intravenous therapy, the preservation of an inhibitory drug level in the eye may be present for a relatively long period. During that period CMV can be suppressed, the lesions stabilised, and vision preserved or improved. One patient has received multiple injections." The optimal and safe time intervals to repeat the intravitreal injections, if necessary to maintain the suppressive effect, are not known and may vary among patients. If acceptable, infrequent intravitreal injections could be programmed by clinical and funduscopic signs to fit the need.
The best regimen for maximum benefit and minimal drug toxicity remains unproved. Our experience suggests that ganciclovir therapy of peripheral retinal lesions can be individualised and observation without specific treatment justified. When macular lesions are initially present, intravitreal injection of ganciclovir may give the greatest likelihood of preserving sight with minimal drug toxicity. 
